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Abstract 
This research was conducted to determine maize growth and yield at various agroforestry development levels, especially in Batur
Agung area, Gunung Kidul District, Java, Indonesia. This experiment was conducted in a Randomized Complete Block Design 
(RCBD) single factor with three blocks as replication. Research factor was agroforestry development levels, namely, initial, 
intermediate, and advanced levels. Observations were done on maize growth and yield variables. Data then was analyzed by 
applying Analysis of Variance (ANOVA) at 5% level, and continued with the Duncan Multiple Range Test (DMRT) if 
significant.Maize physiological response on initial to intermediate and advanced agroforestry level demonstrated impairment 
tendency. This condition continued to maize production decline in line with shade level (initial AF, intermediate AF, and 
advanced AF). Traditional silvicultural developed with trees along border, alley cropping and mixer characteristics. Tree planting 
space was irregular with conventional stands management. Although the physiological response decreased in line with shade 
increase and so did maize production, farmers still continued to develop initial, intermediate, and advanced agroforestry models. 
Scheme developed to improve the productivity of agroforestry was constructing intensive agroforestry regimes (IAR). There are 
3 IAR, namely, IAR-1 to hold initial agroforestry during the acceleration and management of initial agroforestry heading to 
intermediate and advanced. IAR-1 base is more intensive crown pruning and commercial thinning approach. Crop area was 
utilized during the management with C4 species. IAR-2 was designed to hold intermediate AF from traditional to intensive by 
applying intensive harvesting, with need based cutting and C3 species cultivation. IAR-3 was carried out for the development of 
advanced AF to initial AF with intensive need based cutting, pollarding, and intensive crop with C4 species.  
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1. Introduction 
Traditional agro forestry practices are developed in Java, Indonesia, which combines trees and seasonal crops 
components in the same space and time by maximizing the use of space both horizontally and vertically. Agro 
forestry practices management in Indonesia is still done with poor management. There gimeused is that a certain 
width area is planted with as many as possible trees [1]. Agro forestry was chosen as the appropriate land 
management system due to land efficiency. Agro forestry accepts long overdue attention as an alternative land-use 
practice as it is resource efficient and environmentally friendly [2]. Multi-strata production becomes the key of agro 
forestry management. Harmony between composer species in various strata becomes important consideration in 
agro forestry management. Different levels agroforestry systems’ success is determined by the existence of 
complementarily or facilitative interactions between the upper storey and under storey [3]. 
One of the important factors that influence the harmony between under storey and upper storey plants is light. It 
is because trees and crops in agroforestry systems compete for light, resources, shade, and water. This condition 
may have a devastating effect on crop yields [4]. Generally, shaded areas resulted by trees in agroforestry system 
have negative effects on crop productivity. As trees decreases the availability of light, it becomes the limiting factor 
for under storey vegetation grow thin agro forestry systems [5, 6, 7, 8]. However, soil type, climate, crop or tree 
species and the management practices also determine the effect on crops [9, 10].  
This study aims to determine maize performance (Zea mays L.) at three levels of agroforestry shade (initial AF, 
intermediate AF, and advanced AF). Farmers still apply land cultivation with agroforestry systems even though crop 
productivity is not optimal. This resulted in large number of species as a consequence of space efficiency 
consideration. Farmers’ consideration is that the more trees planted, the greater the production of the economic 
value. However, in fact, the higher the density of the trees, the more growth is focused on height growth which 
results in a smaller tree diameter [11]. Based on these considerations, the purpose of this study is to compile its 
further strategy development through prospective and sustainable agroforestry regime. 
2. Method 
This experiment was conducted in the agro forestry fields in Nglanggeran village that are located in Batur Agung 
area, Gunung Kidul, Central Java, Indonesia. Materials used include Bisi-2 corn seeds, manure, urea, SP-36, KCL 
fertilizers and pesticides. Equipment used are hoes, sickles, labels, tape measure, stationery, rulers, callipers, ovens, 
scales, lux meter, SPAD, thermometer, hygrometer, and photosynthesis analyzer. 
Randomized Complete Block Design (RCBD) was applied in the experiment arrangement along with 
agroforestry development phase with 3 blocks as replicates as the factor. The agroforestry development phases in 
the experiment are namely, initial, intermediate, and advanced phase.Initial agroforestry was characterized by large 
crop area in the top over 50% of the total area of land units. The intermediate agroforestry crop area was 
approximately 25-50% of the total area of land units. In the advanced agroforestry, crop area existence has been 
ignored because a transition had occurred after the planting enrichment (Fig.1). 
 
 
 
Fig. 1Agroforestry phases based on space performance. 
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Further, the physiological characteristic and maize production that is grown in the three phases were compared. 
The size of the experimental treatment was 6 m X 10 m. Observations were done over the 12 weeks after planted 
aged maize. The resulted data was then analyzed for variance (ANOVA) 5%, and the DMRT test was conducted to 
identify if there was a significant difference.  
3. Results and Discussion 
3.1. Maize crop response  
The low light intensity due to trees shade on various agroforestry phases will first be responded by chlorophyll on 
leaves. Chlorophyll-A and chlorophyll-B are the primary collectors of light for photosynthesis. The ratio of 
chlorophyll A and B in advanced agroforestry continues having lowest value compared to initial and intermediate 
agroforestry. This response was also similar to ANR; on advanced agroforestry ANR value was higher compared to 
the one on initial AF and intermediate AF. The rate of photosynthesis, stomata conductance and transpiration rate 
showed a similar trend, namely the heavy the shade, the lower the value (Table 1). 
Shade effect the third phase of AF gave effect to chlorophyll particularly ratio a and b. Plant responsed to low 
light by reducing the ratio of chlorophyll a to b [12, 13, 14].Besides maize plant responses were very visible on the 
content of chlorophyll b, which is higher than chlorophyll a. It is all a response to the maize crop stress due to light. 
On agroforestry systems, shaded seasonal crop leaves have higher chlorophyll b content [15]. Chlorophyll b is more 
efficient in capturing light than chlorophyll a, thus plant response is more geared to increase chlorophyll b [16, 17].  
Table1. Chlorophyll content, nitrate reductase activity(NRA), the rate ofphotosynthesis, stomatalconductanceand transpiration rate of maize (9 
weeks) in initial, intermediate and advanced agroforestry. 
Agroforestry 
Phases 
NRA 
μmol NO2-.gr-
.hour- 
Chlorophyll  
(mg.g-1) 
 Photosynthesis 
rate 
(μmol CO2 m-2 s-1) 
Stomata conductance  
(mol H2O m-2 s-1) 
Transpiration rate 
(mmol H2O m-2 s-
1) 
A b Ratio a/b    
Initial 2.080a 0.439a 0.668a 0.657 162.33a 0.38a 5.09a 
Intermediate 1.438a 0.429a 0.651a 0.659 111.22a 0.26b 3.82b 
Advanced 2.559a 0.448a 0.685a 0.654 81.42a 0.17b 2.33c 
Means in the same row, followed by different letters, are significantly different, based on the DMRT (p ≤ 0.05) 
Shade effect had an impact on the ANR increase on advanced AF. Nitrate reductase is an enzyme regulating 
nitrogen assimilation in plants, which are regulated by changes in light/dark. Light increased nitrate reductase 
activity by speeding up decision-nitrate [18]. Development of stomata conductivity, photosynthesis rate and 
transpiration rate are very sensitive to shade level, the higher AF level the smaller value. Light reception increase 
will increase chlorophyll content, nitrogen and stomata density [19]. Besides the lack of light conditions result in 
disruption of metabolism, thus causing reduction in the rate of photosynthesis and carbohydrate synthesis [20, 21].  
LAB, LPTandLPNshowedthe same tendency,the stronger shade effecton advanced AF, the lower the value and 
vice versa for the initial and intermediate AF (Table 2). 
Table2. Net assimilation rate(NAR), cropgrowth rate(CGR) andrelativegrowth rate(RGR) of 4-8 weeksoldmaize on various 
agroforestryphases, initial, intermediate, and advanced. 
Agroforestry 
Phase 
NAR 
(g.cm-2.week-1) 
CGR 
(g.m-2.week-1) 
RGR 
(g.m-2.week-1) 
Initial 0.591a 6861.6a 1.75a 
Intermediate 0.599a 7008.0a 1.80a 
Advanced 0.566a 3108.0b 1.81a 
CV % 14.662 16.90 6.62 
            Means in the same row, followed by different letters, are significantly different, based on the DMRT (p ≤ 0.05) 
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3.2. Maize production  
Maize yield in initial and intermediate AF did not show differences, but the one in advanced AF showed a 
decrease intangible results. The effect ofthisshadealso had the same effect for the one in thethirdphase 
ofagroforestry,onthe results of 100 seed weight and harvest index (Table 3).  
Shade reduces major active radiation on photosynthesis that result in decreased net assimilation [22], thus 
photosynthetic stored in the storage organs such as tubers decreased [23] resulting in a decrease in the starch content 
of tubers, tuber fresh weight, and tuber dry weight. It happens on maize production that has declined from initial AF 
to intermediate AF then to advanced AF. However, in the use of space in agroforestry systems for intermediate and 
advanced AF can still be done for forage fodder, but not for maize production. Thus, maize cultivation should be on 
intermediate and advanced AF system in the agrosilvopature system. 
           Table3. Yields, 100seedweightandharvest index ofmaize invariousphases ofagroforestry. 
Agroforestry 
Phase 
Seed yield 
(ton/ha) 
Harvest Index 
(HI) 100 seed weight (gram) 
Initial 6.58a 0.46a 28.51a 
Intermediate 4.84a 0.43a 27.56a 
Advanced 1.21b 0.31a 20.75b 
CV % 28.36 19.03 6.72 
           Means in the same row, followed by different letters, are significantly different, based on the DMRT (p ≤ 0.05) 
3.3. Traditional silviculture practices  
In general developed traditional silviculture practices, farmers who have limited land (<0.1 ha), will manage with 
initial AF system. Silviculture techniques used trees along border and alley cropping patterns. Trees spacing was 
irregular. Pruning is done with low intensity and some farmers did commercial thinning to reduce shade. Seasonal 
crops productivity on initial AF was high as well as the variety of crops types that are harvested (Table 4). 
Characteristic on intermediate AF was similar to initial AF only the crop productivity was low due to shade 
influence. The one on advanced AF focused more on the accommodation of tree number with many areas, thus tree 
growth experienced stagnated. Traditional silviculture practices that developed in the initial AF is semi-intensive, 
and on intermediate and advanced AF developed conventionally. 
  Table 4.Traditional silviculture system on initial, intermediate, and advanced AF. 
Agroforestry 
Phases 
Pattern and 
Strata 
Spacing Stand 
Management 
Crop and Diversity 
Product 
Trees 
Harvesting 
Traditional 
Silviculture 
Initial   Trees along 
border, alley 
cropping and two 
layer 
Irregular Pruning and low 
thinning 
 
Input for crop 
High crop 
productivity and high 
diversity product 
Tebangbutuh Semi intensive 
Intermediate  Trees along 
border, alley 
cropping and three 
layer 
Irregular Pruning 
 
Input for crop 
Low crop 
productivity and 
middle diversity 
product 
Tebangbutuh Conventional 
Advanced  Mixer and multi 
layer (more than 
three) 
Irregular No pruning and 
thinning 
 
No input 
Low crop 
productivity and low 
diversity product 
Tebangbutuh Conventional  
   Note: Tebangbutuh  (based on the urgency of the farmers’ needs harvesting) 
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Fig. 2 Traditional silviculture transformation to intensive for prospective and sustainable agroforestry management. 
 
Stand characteristic in traditional management of agroforestry is very specific and having high density with low 
performance growth. The number of trees resulted is many but the size is small. Tree by tree management does not 
apply intensive silviculture through thinning, pruning, pollarding and input giving [11]. Thus, in the effort of 
prospective and sustainable agroforestry management,Intensive Agroforestry Regime (IAR) needs to be done. There 
are three levels of IAR namely IAR-1; IAR-2 dan IAR-3.  
IAR-1 is intended to hold all initial agroforestry during the management. The technique is setting more intensive 
canopy pruning as well as root pruning to reduce competition for nutrients and water in the crop area. Thinning is 
done with thinning commercial approach,therefore the trees that have been appropriate for logging, are immediately 
harvested. This consideration is important because the crop area will be utilized during the management of high 
productivity with C4 species. 
IAR-2 was designed to hold intermediate AF from traditional to intensive by applying intensive harvesting with 
need based cutting and intensive cultivation of C3 species. IAR-3 was carried out for the development of advanced 
AF to initial AF with intensive need based cutting, pollarding and intensive crop with C4 species (Figure 2). As an 
effort to improve agroforestry production, intensive silviculture technique was implemented. There are 4i pillars in 
the management of harmonious and prospective agroforestry, namely intentional, intensive, integrated and 
interactive [24]. 
4. Conclusions 
Maize’s physiological response from initial AF to intermediate and advanced demonstratedthe tendencyof 
impairment.Thisconditioncontinuedtodecline inmaizeproductionin linewiththe level ofshade(initial, intermediate, 
and advanced AF). Traditional silvicultural developed with trees along border, alley cropping and mixer 
characteristicpattern.Irregular trees spacing and conventional standsmanagement. Although 
Initial 
Agroforestry
Intermediate 
Agroforestry
Advanced 
Agroforestry
Initial 
Agroforestry
Intermediate 
Agroforestry
Advanced 
Agroforestry
Traditional Silviculture Intensive Silviculture
•Intensive pruning and commercial thinning
•Selective harvesting with Tebang Butuh Systems
•Crop with C-4
•Enrichment planting with MPTS
•Selective harvesting with Tebang Butuh Systems
•Intensive crop with C-3
•Intensive enrichment planting with MPTS  and 
trees with low crown density
•Integrated commercial thinning and 
Tebang Butuh Systems 
•Selective harvesting with 
Tebang Butuh Systems
•Intensive crop with C-3
•Intensive enrichment planting with
low crown density trees 
•Intensive crop C-3
•Intensive Tebang Butuh Systems 
•Polarding
•Intensive crop C-4 
•Intensive enrichment planting with
low crown density trees 
•Intensive crop C-4
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thephysiologicalresponsedecreases withincreasingshade as well as maize production, farmersstillcontinue 
developing initial, intermediate, and advanced AF models. 
Therefore it is necessary to employ more productive silvicultural interventions to manage initial AF as well as 
intermediate and advanced AF. A scheme that has been developed to improve the productivity of this agroforestry is 
to construct intensive agroforestry regimes (IAR). There are 3 types of IAR, namely IAR-1 to hold initial AF 
throughout the management and for acceleration of initial AF to intermediate and advanced phase. The technique is 
setting a more intensive canopy pruning. Thinning was done with commercial thinning approach. This is very 
important because the crop area will be utilized throughout the management for high productivity with C4 species. 
IAR-2 is designed to hold intermediate AF from traditional to intensive by applying intensive harvesting with need 
based cutting and intensive C3 species cultivation. IAR-3 was carried out for the development of advanced to initial 
AF with intensive need based cutting, pollarding and intensive crop with C4 species. 
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